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Abstract 
Four-year accident data of Colorado Interstate highways is studied to investigate the injury severity of accidents 
occurring on mountainous highways (MT) and to compare the difference with non-mountainous highways (NM) 
by using mixed logit models. Injury severity from accidents occurring on MT and NM is modeled separately and 
their respective critical risk factors are evaluated including vehicle, roadway, environmental, driver and accident 
characteristics. Considerable differences are found existing between the impacts from a variety of variables on 
the injury severity in MT and NM accidents. Therefore more comprehensive observations can be made by 
conducting the injury severity study for MT and NM accidents separately. Estimation findings indicate that one 
indicator and two indicators will be better modeled as random parameters in MT and NM models respectively. 
As a result, the complex interactions of various variables and the nature of injury severity are able to be disclosed 
in a better way.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
Steep grades and curves coupled with extreme weather conditions, poses serious safety threats on passing 
vehicles on highways built on mountainous areas. Specific terrain and surroundings including adverse driving 
conditions makes the driver behavior unique when driving on mountainous highways. Some researchers have 
investigated the safety phenomenon of mountainous highways (e.g. Ahmed et al., 2011). For example, Ahmed et 
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al. (2011) have investigated the safety effects of roadway geometrics and adverse weather on crash occurrence of 
mountainous highway. There exists, however, a gap between the current injury studies and reality. To the best 
knowledge of the authors, no study has been reported on investigating the specific injury severity of accidents 
happening on mountainous highways so far.  The lack of such a vital piece of knowledge may hinder efforts 
concerning injury prevention and traffic management on mountainous highways. 
This study aims at narrowing such an existing gap by looking into injury severity in accidents occurring on 
mountainous and non-mountainous highways separately. The complex interactions between roadway 
characteristics, driver characteristics, accident characteristics, environmental characteristics in accidents occurring 
on mountainous highways will be investigated using the mixed logit models.  
Over the past ten years, various disaggregate models have been widely used to compare different datasets. 
Ordered logit or ordered probit models are applied in some studies (e.g. Abdel-Aty, 2003) to investigate various 
risk factors associated with injury severity. Multinomial logit models (e.g. Ulfarsson & Mannering, 2004) and 
nested logit models (e.g. Chang & Mannering, 1999) have also been frequently used in order to obtain more 
detailed information about the influence of various risk factors on different injury severity levels. 
 Although multinomial logit models have been widely applied in injury severity studies during the past years, 
some limitations of this model have been found including questionable assumptions associated with the IID 
condition and the IIA assumption condition, and observed and unobserved heterogeneity in parameter effects are 
not considered in the model.  Mixed logit models, which can address these limitations and consider the random 
effects of variables, have recently been adopted in the studies on accident injury (e.g. Milton et al., 2008; Kim et 
al., 2010; Chen & Chen, 2011). For example, Chen and Chen (2011) applied mixed logit model to compare the 
statistical difference of injury severity from single- and multi-vehicle involved crashes. With the promising 
potentials on injury studies as discussed above, mixed logit models will be adopted in the present study to 
investigate the injury severity of both MT and NM accidents. 
2. Data description 
Colorado State Patrol (CSP) has detailed traffic accident data of Colorado highways, which contains accident, 
driver, vehicle, highway and environmental information. The 4-year (2007-2010) detailed accident data on 
interstate highways in Colorado will be utilized in this study.   
There are three major interstate highways in Colorado: I-70, I-25 and I-76.  The Interstate I-70 Mountain 
Corridor within the State of Colorado, from Denver to Grand Junction via a route through the Rocky Mountains is 
the only portion of interstate highways in Colorado routed over the mountainous area. In contrast to mountainous 
nature of the western part of I-70, the eastern part of I-70 is not mountainous, which crosses the Great Plains, 
connecting Denver with metropolitan areas in Kansas and Missouri. In the present study, only the western 
mountain corridor (from Denver to Grand Junction, milepost 0 to 260) of I-70 is categorized as mountainous 
highways, the remaining part of I-70 and other interstate highways including the whole I-25 are categorized as 
non-mountainous highways.  
After removing the accident records with insufficient accident information, there were in total 19,749 
accidents occurring on the interstate highways in Colorado during the 4-year period, which includes 7,467 
accidents occurring on mountainous highway (MT) and 12, 282 accidents occurring on non-mountainous 
Highest Inj Level
in accident. In the present study the injury severity is grouped into three categories to ensure a sufficient number 
of observations are available in each category: no injury (same as original Scale 0), possible injury/non-
incapacitating injury (including the original Scales 1 and 2), and incapacitating injury/ fatal (including original 
Scales 3 and 4). Out of a total of 7,467 MT accidents, 5,739 (76.9%) accidents had no injury, 1465 (19.6%) 
accidents had possible injury or non-incapacitating injury, 263 (3.5%) accidents had incapacitating injury or fatal 
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injury. Out of a total of 12, 282 NM accidents, 8579(69.9%) accidents had no injury, 3207 (26.1%) accidents had 
possible injury or non-incapacitating injury, 496 (4%) accidents had incapacitating injury or fatal injury.   
In the remaining part of this paper, the driver characteristics, vehicle characteristics and some accident 
characteristics will indicate the characteristics of at-fault driver or at-fault vehicle. The hypothesis of no 
significant difference from zero for each parameter of severity category will be tested using the likelihood ratio t-
test and the parameters not significantly different from zero at the 90% level will be restricted to zero.  
3. Statistical method 
Mixed logit models allow for the possibility that the influence of variables affecting injury-severity levels may 
vary across observations. Revelt and Train (1998), McFadden and Train (2000) and Bhat (2001) have 
demonstrated the effectiveness of this approach to explore the variations of the effects (across observations) that 
variables can have on injury-severity levels.   
Let ( )
n
P i  be the probability of the accident n causing the injury severity category i: 
( ) ( )X X
n i n ni i n ni
P i P  i I ,   i i                                                                (1)           
where I is a set of all possible discrete outcomes, mutually exclusive severity categories. i  and i  are different 
injury severity categories. 
i
and 
i
 are vectors of estimated parameters of severity category i  and i , 
respectively. X
n
is the vector of characteristics (e.g. driver, vehicle, roadway and environmental) for the accident 
observation n that influences the injury severity category  i  and i   
ni
 and 
ni
 are random components (error 
terms) that explain the unobserved effects on injury severity of the accident observation n.       
If the parameter  
i
 is allowed to vary across individuals (observations), a mixing distribution is introduced to 
the model formulation to generate the mixed logit model (Milton et al., 2008): 
             
X
X( ) ( | )d
i n
i nn
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e
P i f
e      
                                                                                   (2)  
where ( | )f  is a density function of with  which is a vector of parameters of the density function 
(mean and variance), and all other terms are previously defined.  
In our study, three potential distributions for our model parameters were examined: normal, uniform and 
lognormal distributions. We adopted simulation-based maximum likelihood methods with Halton draws, which 
have been confirmed to be more efficient than purely random draws (Train, 2003). And the final results are based 
on 200 Halton draws, which have been found capable of producing accurate parameter estimates (e.g. Train, 2003; 
Washington et al. 2003). 
Because the marginal effect of a variable depends on all of the parameters in the model, it is known that the 
estimated parameters of logit model analysis sometimes are not sufficient to explore how changes in the 
explanatory variables affect the outcome probabilities (Ulfarsson & Mannering, 2004). So elasticity is often used 
to describe the magnitude of the impact of the explanatory variables on the outcome probabilities besides the 
estimated parameters (Ulfarsson & Mannering, 2004). Because the exogenous variables we explored later are 
discrete instead of continuous (dummy variables), a direct pseudo-elasticity of the probability ( )n
nk
P i
xE has been 
introduced to measure the effect in percentage that a 1% change in nkx  (the indicator varies from 0 to 1 or from 1 
to 0) has on the severity probability P i . For example, a pseudo-elasticity of 50% for a variable in the fatal 
severity category means that when the value of the variable in the sub-set of the observations is changed from 0 to 
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1, the probabilities of fatal severity outcome for these observations in the sub-set increase by 50% on average. 
Several researchers such as Ulfarsson and Mannering (2004) have used this method in previous studies: 
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e
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                                              (3)  
where  
( )n
nk
P i
xE   is the direct pseudo-elasticity of the kth variable from the vector nx  for observation n. nkx  is 
the value of the variable k for the outcome n . ik  is the kth component of the vector i  of severity category  i . 
0
[ ]i n
nk
x
xe  is the value of i nxe  with the nkx in nx  being set to zero and 1[ ]
i n
nk
x
xe  is the value of i n
xe  with 
the nkx in nx  being set to one.  
4. Model specification tests 
As discussed earlier, the whole data has been separated into two parts, one is the MT accident dataset and the 
other is the NM accident dataset. In addition to the elasticity comparison in the following section, the likelihood 
ratio test can be conducted to verify the statistical justification of estimating MT and NM accidents separately. 
The method is conducted to check the significance of two separate models for MT and NM only and the 
combined model for full data set (both MT and NM accidents). The following formula is adopted to apply the 
likelihood ratio test (Ulfarsson & Mannering, 2004):  
                                2[ ( ) ( ) ( )]
mt nm
mt nm
N N NL L L                                                       (4) 
where ( )NL  is the log-likelihood at convergence of the all data model, with a parameter , ( )mt
mt
NL   
and ( )
nm
nm
NL are the log-likelihood at convergence of the model estimated on the MT data subset, and the NM 
data subset, respectively. The test adopts 2  distribution with the degrees of freedom equal to the sum of the 
number of the estimated parameters in the MT and NM models minus the number of the parameters estimated in 
full data set models. 
The result of the test indicates that significant difference of severity likelihood exists between MT and NM 
accidents with P<0.0001, which justifies the choice of modeling MT and NM accidents separately in the present 
study.  
 
Table 1. Mixed logit model of  MT data set and NM data set. 
 
  MT model NM model 
Variable name Injury severity  Coeff. t-test Coeff. t-test 
Vehicle characteristics      
Truck (10001 lbs or over) II/F 0.851 4.8 0.257 1.73 
Pickup truck / utility II/F 0.454 3.05 0.273 2.07 
Pickup truck / utility PI/NII 0.264 2.22 0.506 3.02 
  Std. dev. of this parameter(normal distribution)    na  na 2.51 3.68 
SUV II/F 0.635 4.47 0.365 2.72 
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SUV PI/NII 0.349 2.82 0.689 3.45 
Motorcycle II/F 2.58 9.2 1.96 10.14 
Motorcycle PI/NII 1.81 4.98 2.57 5.17 
Defective tires PI/NII  na  na 0.492 1.9 
Improper tires for conditions PI/NII 0.356 1.72  na  na 
Roadway  characteristics           
Speed limit<=50mph II/F -0.36 1.83  na  na 
Low truck percentage (percentage<=4) PI/NII 0.439 2.82 0.246 1.81 
Wide median (width>=50ft) PI/NII 0.125 2.36 -0.126 2.02 
Painted median II/F  Na  na 0.94 2.17 
Combined outside shoulder II/F  na na  0.472 1.78 
Environmental characteristics           
Raining II/F 0.474 2.18  na na  
Snowy road surface II/F -0.729 4.34 -0.493 3.23 
Snowy road surface PI/NII -0.244 2.94 -0.311 2.07 
   Std. dev. of this parameter(normal distribution) -1.49 2.07 2.58 3.38 
Icy road surface II/F -0.497 4.14 -0.489 4.8 
Icy road surface PI/NII -0.0985 1.76 -0.195 1.78 
Dry with visible icy road treatment II/F 0.527 1.83  na na  
Snowy with  visible icy road treatment II/F -1.63 2.31 -1.05 2 
Snowy with  visible icy road treatment PI/NII -0.531 2.81 -1.34 2.66 
Icy with  visible icy road treatment II/F -0.501 1.79 -0.554 2.19 
Driver  characteristics           
Driver's licence had been denied II/F 0.484 1.72 0.558 3.07 
Driver had no proof of insurance II/F 0.528 5.86 0.382 5.57 
Driver had no proof of insurance PI/NII 0.363 4.09 0.243 2.72 
DUI alcohol use II/F 1.12 8.47 1.02 9.72 
DUI alcohol use PI/NII 0.611 4.07 0.629 3.72 
Driver was asleep II/F 0.934 6.14 0.378 3.22 
Driver was asleep PI/NII 0.554 3.51 0.835 3.86 
Driver had illness II/F 0.8 3.12  na  na 
Driver had illness PI/NII 0.691 2.85 0.575 2.05 
Accident characteristics           
Two vehicles involved II/F 0.662 5.03 0.533 4.81 
Two vehicles involved PI/NII 0.515 4.44 0.97 3.88 
  Std. dev. of this parameter(normal distribution)    na  na 1.36 2.85 
More than two vehicles involved II/F 1.52 8.67 1.3 9.53 
More than two vehicles involved PI/NII 1.26 4.92 2.1 4.86 
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Overturn II/F 0.957 7.87 0.826 8.13 
Overturn PI/NII 0.605 4.58 1.36 4.69 
Failed to yield right of way II/F 0.573 1.77  na  na 
Exceeded legal speed II/F 0.851 3.88 0.789 3.53 
Exceeded legal speed PI/NII 0.514 2.58  na  na 
Wrong side of road II/F 1.7 3.38 1.21 2.75 
Changing lanes PI/NII -0.157 1.72 -0.262 2.35 
Inattentive to driving II/F 0.474 4.4 0.261 3.47 
Inattentive to driving PI/NII 0.202 2.54 0.441 3.96 
Aggressive driving II/F 0.354 1.94 0.272 1.71 
Distracted by passenger II/F 0.904 3.37 0.536 3.21 
Distracted by cell phone II/F 0.512 1.7  na  na 
Ran off left side II/F 0.753 5.74 0.394 3.8 
Ran off left side PI/NII 0.294 3.25 0.297 2.41 
Ran off right side II/F 0.564 4.24 0.331 3.25 
Ran off right side PI/NII 0.31 3.3 0.254 2.15 
Collision with pedestrians II/F 3.7 5.83 3.18 7.38 
Collision with pedestrians PI/NII 2.7 3.83 2.16 2.65 
Collision with parked motor vehicle II/F 0.709 2.9 0.974 5.63 
Collision with cable rail PI/NII -0.612 2.38 -0.724 2.71 
Collision with concrete highway barrier PI/NII 0.16 1.87 0.793 3.76 
Collision with delineator post II/F 0.607 3.62 0.412 3.36 
Collision with barricade II/F 1.36 2.15  na  na 
Collision with crash cushion II/F 1.75 3.52  na  na 
Constant PI/NII 9.47 4.46 7.72 3.2 
Constant II/F 17.2 7.38 12.3 6.93 
Model Statistics      
Log likelihood at zero  -8203.338 -13493.156 
Log likelihood at convergence  -4097.058 -7926.538 
2
  0.501 0.413 
5. Results 
Table 1 summarizes the information of the estimated injury severity models of MT and NM accidents, which 
include the estimated parameters and t-statistic identified for two severity categories of mixed logit models. No-
injury category is chosen as the base case, so the estimated parameters in the tables show the difference between 
the results of the two target categories and the base case (no-injury category). The abbreviation of the 
corresponding severity category to which each parameter belongs is listed in a bracket following each variable 
name in Table 1. They are defined as: [NI] no injury, [PI/NII] possible injury/non-incapacitating injury, [II/F] 
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incapacitating injury/fatal. The 2  of the MT and NM models equal to 0.501 and 0.413 respectively, which 
indicate that the models fit the data satisfactorily.   
The results discovered one random parameter for the MT model and two random parameters for the NM 
model. Normal distribution is found to provide the best description for these random parameters. As shown in 
Table 1, the parameter of the snow road surface indicator of possible injury/non-incapacitating injury in the MT 
model is normally distributed with mean -0.244 and standard deviation 1.49. With snow road surface, 56.5% of 
the distribution is less than 0 and 43.5% of the distribution is greater than 0. This indicates that 56.5% of the MT 
accidents that occurred on snow-covered roads result in a decrease in possible injury/non-incapacitating injury 
accidents, while 43.5% of the accidents result in an increase in possible injury/non-incapacitating injury accidents. 
Similar with MT model, the parameter of the snow road surface indicator of possible injury/non-incapacitating 
injury in the NM model is normally distributed with mean -0.311 and standard deviation 2.58. Such phenomena 
can be in part due to the fact that people often drive slower and more carefully on snowy roads than normal road 
conditions but on the other hand, it becomes truly harder to control the vehicle on snowy days despite carefulness 
of driving under mountainous and non- mountainous driving environments. Another parameter of possible 
injury/non-incapacitating injury is also found to be randomly distributed for the NM model: pickup vehicle (mean: 
2.51, std. dev.: 3.68). Obviously, without adopting the mixed logit models, it would be extremely hard to 
discover the complex interaction and random nature of the parameters (e.g. the snow road surface indicator, 
pickup indicator) as described above.   
We also conduct the likelihood ratio tests to check whether the random parameter models (mixed logit models) 
are significantly better than the fixed parameter models (base multinomial models).  The likelihood ratio test is 
(Washington et al.2003):  
                                             2 MXL MNLL L                                                               (5) 
where MXLL  and MNLL  are the log-likelihood at convergence of mixed logit model and multinomial 
logit model of the same dataset (e.g. MT or NM dataset), respectively.  The statistic is in 2 distribution with the 
degrees of freedom equal to the difference of the numbers of the parameters between the two models. The 
2 value of the test is 4.2 with one degree of freedom for the MT model. So the corresponding p-value is 0.04. 
The 2 value of the test for the NV model is 34.02 with three degree of freedom. The corresponding p-value is 
smaller than 0.0001.  Therefore, it is obvious that there exists significant difference between the random 
parameter models and the fixed parameter models. 
The average direct pseudo-elasticity for the MT and NM models are studied and the results are presented in 
Table 2. The detailed results in Table 2 will be discussed by category in the following section. For convenience, 
incapacitating injury/fatal will be mentioned as severe injury and possible injury/non-incapacitating injury as 
moderate injury in the remaining of this paper. 
 
Table 2. Comparison of elasticities between the two mixed logit models 
 
Variable name Injury severity   MT model  NM model 
Vehicle characteristics    
Truck (10001 lbs or over) II/F 113.4 19.1 
Pickup truck / utility II/F 47.4 18.9 
Pickup truck / utility PI/NII 21.9 50.2 
SUV II/F 71.9 24.3 
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SUV PI/NII 29.2 71.8 
Motorcycle II/F 258.0 59.5 
Motorcycle PI/NII 65.8 193.5 
Defective tires PI/NII  na 49.9 
Improper tires for conditions PI/NII 32.9 na  
Roadway  characteristics       
Speed limit<=50mph II/F -30.2  na 
Low truck percentage (percentage<=4) PI/NII 40.6 22.9 
Wide median (width>=50ft) PI/NII 10.7 -10.7 
Painted median II/F  na 123.3 
Combined outside shoulder II/F  na 42.7 
Environmental characteristics       
Raining II/F 57.2  na 
Snowy road surface II/F -49.6 -36.1 
Snowy road surface PI/NII -18.2 -23.3 
Icy road surface II/F -37.6 -36.3 
Icy road surface PI/NII -7.0 -14.6 
Dry with visible icy road treatment II/F 62.3  na 
Snowy with visible icy road treatment II/F -79.2 -62.5 
Snowy with visible icy road treatment PI/NII -37.6 -71.9 
Icy with visible icy road treatment II/F -39.0 -40.0 
Driver  characteristics       
Driver's licence had been denied II/F 57.3 65.7 
Driver had no proof of insurance II/F 54.5 38.3 
Driver had no proof of insurance PI/NII 31.0 20.4 
DUI alcohol use II/F 143.0 122.6 
DUI alcohol use PI/NII 46.1 50.6 
Driver was asleep II/F 110.5 18.4 
Driver was asleep PI/NII 44.0 86.9 
Driver had illness  II/F 77.5 22.7 
Driver had illness  PI/NII 59.2 56.2 
Accident characteristics       
Two vehicles involved II/F 70.5 40.5 
Two vehicles involved PI/NII 47.2 117.6 
More than two vehicles involved II/F 153.7 43.2 
More than two vehicles involved PI/NII 95.6 218.7 
Overturn II/F 115.2 49.5 
Overturn PI/NII 51.4 155.0 
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Failed to yield right of way II/F 62.7  na 
Exceeded legal speed II/F 97.6 104.9 
Exceeded legal speed PI/NII 41.1 -22.1 
Wrong side of road II/F 249.5 175.8 
Changing lanes PI/NII -12.5 -21.6 
Inattentive to driving II/F 51.7 19.7 
Inattentive to driving PI/NII 15.6 43.3 
Aggressive driving II/F 39.9 30.4 
Distracted by passenger II/F 124.9 66.4 
Distracted by cell phone II/F 55.8  na 
Ran off left side II/F 94.3 39.0 
Ran off left side PI/NII 22.8 26.1 
Ran off right side II/F 62.3 31.9 
Ran off right side PI/NII 25.9 22.1 
Collision with pedestrians II/F 214.5 254.1 
Collision with pedestrians PI/NII 15.7 27.7 
Collision with parked motor vehicle II/F 98.3 134.5 
Collision with cable rail PI/NII -42.3 -48.6 
Collision with concrete highway barrier PI/NII 13.6 84.2 
Collision with delineator post II/F 65.2 44.9 
Collision with barricade II/F 195.3  na 
Collision with crash cushion II/F 283.9 na  
 
5.1. Vehicle characteristics 
There exists significantly different influence of vehicle characteristics on injury severity between MT and NM 
models. For example, Improper tires (PI/NII) indicators are found to be only significant in MT model while 
Defect tires indicator (PI/NII) is found to be only significant in NM model. If a vehicle has improper tires, the 
probability of moderate injury increases by 32.9% in a MT accident. There are some vehicle characteristics 
which are both significant in MT and NM models but have tremendous difference of elasticity for the two models. 
For example, truck, motorcycle, SUV and pickup have much more probability of severe injury (113.4% vs 19.1% 
for truck, 258% vs 59.5% for motorcycle, 71.9% vs 24.3% for SUV and 47.4% vs 18.9% for pickup) when the 
accident happens on mountainous highways as compared to non-mountainous highways. These findings may 
help highway patrol on conducting improved law enforcement.  
5.2. Roadway characteristics 
Roadway characteristics affect the injury severity in the MT and NM accidents in a rather complex manner. 
Opposite effects on moderate severity were found between MT and NM accidents if the median width is more 
than or equal to 50 ft. Specifically, the probability of moderate injury increases 10.7% in MT model while 
g 
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behavior on mountainous highway. Low speed limit decreases the probability of severe injury by around 30% in 
MT model but is not significant in NM model. There are also some variables which are only significant in the 
NM model, for example, one median type and one outside shoulder type. It is worth to mention that curvature 
and grade of MT highways were found to be not significant on injury severity. 
5.3. Environmental characteristics 
If an accident happens on an icy road or snowy road, the probabilities of severe injury and moderate injury in 
both the MT and NM models will decrease. The probabilities of severe injury in both the MT and NM models are 
all found to decrease when the accident happens on icy road with visible icy road treatment. Besides, the results 
for MT and NM accidents are generally similar if the accidents occur on an icy, snowy or icy with visible icy 
road treatment road. For snowy with visible icy road treatment condition, accident occurring on mountainous 
highway will decrease more probability of severe injury (-79.2% vs -62.5%) but decrease less probability of 
moderate injury (-37.6% vs -71.9%) than those on non-mountainous highways.  
Visibility ice treatment does reduce the probability of severe injury or moderate injury under most situations. 
But one phenomenon should be paid more attention to is that the probability of severe injury increases by 62.3% 
when the vehicle runs on mountainous highway under dry with visibility icy road treatment condition. It is likely 
that drivers will be less vigilant under this condition because the road seems to be dry and safe, and as a result, 
more severe accidents could happen.   
5.4. Driver characteristics 
The different influence of asleep or ill drivers in MT and NM accidents is worthy of investigation.  When the 
driver is asleep, MT accidents will have much higher increase of severe injury probability than NM accidents 
(110.5% vs 18.4 %). And for ill driver, the difference of severe injury probability for MT and NM accident are 
also considerable (77.5% vs 22.7%). Accordingly, specific mitigation strategies of severe injury for asleep or ill 
drivers may need to be developed in the future by considering the characteristics of MT accidents.  
The MT and NM models give similar findings about severe injury or moderate injury probability if the driver 
has no proof of insurance or has been denied. All of these conditions will increase the probability of severe injury 
and moderate injury considerately. These findings confirm again that highway patrols should pay more attention 
to driver have no legal driver license or insurance. Driver with DUI alcohol use should be another major concern 
for both MT and NM accidents. If the driver is with DUI alcohol use, the severe injury probability increase more 
than 120% (143% and 122.6%) and moderate injury probability increase more than 45% (46.1% and 50.6%) for 
both MT and NM accidents.  
5.5. Accident characteristics 
Many variables of accident characteristics were also found to have significantly different influence on MT and 
NM accidents. Four accident characteristic indicators (e.g. failing to yield right of way indicator and Distract by 
cell phone indicator) were found to be significant in the MT model but no in the NM model. Looking into the 
influence of these indicators, we can find some clues to help reduce the severe injury probability on mountainous 
highway. For example, failed to yield right of way indicator increases the probability of severe injury by 62.7% 
 
Even for some indicators that were found to be significant in both models, there is still considerable difference. 
For example, if two vehicles or more than two vehicles are involved in an accident, there is large difference over 
the increase of the probability of severe injury in the MT and NM models (70.5% vs 40.5% for two vehicles 
involved, 153.7% vs 43.2% for more than two vehicles involved). If the accident is an overturn, the probability of 
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severe injury in the MT model also increases more significantly than in the NM model (115.2% vs 49.5%) while 
the probability of moderate injury in the MT model increases less significantly than in the NM model (51.4% vs 
155%).  Considerably higher probabilities of experiencing severe injury in MT accidents than VM accidents 
under these collision types are possibly related to the difference of the crash nature of MT and NM accidents. 
One big difference between MT and NM accident is that the impacts of exceed legal speed indicator on 
moderate injury are opposite (41.1% vs -22.1%). While the impacts of exceed legal speed indicator on severe 
injury are similar (97.6% vs 104.9%). This phenomenon, once again, emphasizes the importance of the speed law 
enforcement on mountainous highway. There are also more indicators that should be paid more attention to on 
mountainous highways. Wrong side of road indicator and inattentive to driving indicator have much more 
significant increase of severe injury probability in MT model than in NM model (249.5% vs 175.8% and 51.7% 
vs 19.7%). Another important finding is that the consequence of driver distracted by passenger or cell phone is 
more serious on mountainous highways. If the driver is distracted by passenger, the increase of severe injury will 
be more significant on mountainous highway than on non-mountainous highway (124.9% vs 66.4%). And the 
driver distracted by cell phone increases the severe injury probability by 55.8% on mountainous highways but it 
is found to be not significant on non-mountainous highways. Therefore, the driver distracted by cell phone is 
found to be critical in terms of causing severe injury on mountainous highways. This finding may help highway 
patrol on conducting improved law enforcement on mountainous highways.  
Many first harmful indicators (e.g. collision with cable rail) are found to be significant in MT model, 
demonstrating the influence of different roadside design on injury severity on mountainous highways. Collision 
with crash cushion and barricade tremendously increase the probability of severe injury on mountainous highway 
(283.9%, 195.3%) but these indicators are not significant on non-mountainous highways. In contrast, collision 
with cable rail will decrease the probability of moderate injury by 42.3% in MT model, respectively. Collision 
with concrete highway barrier increases the moderate injury probability in MT model to a much less extent than 
in NM model (13.6% vs 84.2%). The results imply the need to evaluate the impacts of some roadway design 
features on traffic safety more comprehensively by traffic agencies and the research community, from both 
engineering and psychological perspectives simultaneously.  
The above results show that there is substantial difference between the impacts from a variety of variables on 
the injury severity in MT and VM accidents. By conducting the injury severity study for MT and VM accidents 
separately, some new or more comprehensive observations can be made in addition to those derived from one 
single MT model. As a result, the complex interactions of various indicators and the nature of accident occurring 
on mountainous highways can be disclosed in a better way.  
6. Discussions and conclusions 
Four-year detailed CSP accident data on interstate highways in Colorado were studied. The mixed logit model 
was adopted to analyze the injury severity. The result of the likelihood ratio test indicates that the injury 
mechanisms of accidents occurring on mountainous highways are clearly distinct with those on non-mountainous 
highways. A comprehensive collection of different risk factors including vehicle characteristics, roadway 
characteristics, environmental characteristics, driver characteristics and accident characteristics were included in 
the mixed logit models. MT and NM accidents were studied separately to identify those unique risk factors that 
have significant influence on injury severity on mountainous highways.  
The detailed findings on risk factors in MT and NM accidents will add to the existing knowledge of injury 
studies on interstate highways. It is expected that more rational and effective injury prevention strategies may be 
developed for related stakeholders, such as occupational safety and transportation agencies based on the 
improved understanding of the injury severity of accidents occurring on mountainous highways. In the meantime, 
some findings may be helpful for transportation agencies to evaluate and improve the existing designs of 
transportation infrastructure and traffic management system for mountainous highways. Finally, the present study 
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can also help on developing training and educational courses for drivers, state patrols, engineers and general 
public associated with mountainous highways.  
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